Itoigawaite, SrAl 2 Si 2 O 7 (OH) 2 ÁH 2 O, is a new member of the lawsonite group found in the ItoigawaOhmi district, central Japan. It is orthorhombic, Cmcm, a = 6.031(2), b = 8.945(2), c = 13.219(4) Å , Z = 4. The strongest lines in the X-ray powder diffraction pattern are 4.68 (s) (111) It is colourless in thin section and optically biaxial positive with a = 1.664 (2), b = 1.674 (2), g = 1.688 (2) and 2V(calc.) = 818. It occurs in a thin veinlet cutting a lavender-coloured Ti-bearing jadeitite. The veinlet includes irregularly-shaped aggregates composed of minute tabular crystals of itoigawaite up to 50 mm across and minute jadeite crystals with interstitial natrolite aggregates. Itoigawaite is considered to be crystallized from fluid during later stage activity of high-P/T metamorphism. The name is for the locality.
Introduction
THE Itoigawa-Ohmi district in the most eastern part of the Renge belt (Nishimura, 1998) is where the first jadeitite in Japan was found (Kawano, 1939; Ohmori, 1939) .
In 1996 a bluish mineral on a lavendercoloured jadeitite ( Fig. 1) was collected from the seashore of the Itoigawa-Ohmi district, Niigata Prefecture, Japan. It was submitted to the first author for identification by the fourth author. A preliminary microprobe analysis showed it to be a Sr-Al silicate possibly including elements with atomic numbers <9. Subsequent X-ray powder study proved the diffraction pattern of the mineral to be very close to that of the lawsonite group of minerals. The mineral data and the name have been approved by the Commission on New Mineral and Mineral Names of the International Mineralogical Association. The type specimens of itoigawaite are deposited at the National Science Museum, Tokyo, under the registered number NSM M-27872 and at Fossa Magna Museum, Itoigawa, Niigata, under the calalogue no. FMM00662.
Occurrence
The Itoigawa-Ohmi district of the Renge belt is characterized by the serpentinite melange with high-P/T type schists and various fragments of Palaeozoic accretionary complexes composed of greenstone, limestone, chert and mudstone, etc. (Nakajima et al., 1992) . Although no outcrops of jadeitite had been found to date, jadeitite is considered to be closely associated with serpentinite melange. Boulders and pebbles of jadeitite have been recognized in several riverbeds, including the River Himekawa running through the serpentine melange zone, and on the seashore of the Itoigawa-Ohmi district where they spread towards the west from the mouth of the River Himekawa, Itoigawa City. The itoigawaitebearing jadeitite was collected on the seashore of Oyashirazu, situated~15 km WSW of Itoigawa Station (Fig. 2) .
Three specimens of itoigawaite are recognized. Type itoigawaite occurs as a thin veinlet, <0.8 mm wide, cutting the jadeitite composed essentially of lavender-coloured and colourless jadeites with minor constituents of Sr-bearing pectolite, rutile, titanite and an undetermined SrTi silicate. The veinlet includes outer fillings of long prismatic jadeite crystals which are elongated perpendicular to the wall of the veinlet, and inner fillings of irregularly-shaped aggregates composed of minute tabular crystals of itoigawaite, up to~50 mm across, with interstial natrolite (Fig. 3) . Jadeite is absent from the inner part of the veinlet. The specimen is characterized by the existence of Sr-rich minerals and euhedral jadeite crystals in the natrolite matrix (Fig. 4) .
Physical and optical properties
Itoigawaite is blue with vitreous lustre, and is colourless in thin section. The cleavage is good in one direction. Fluorescence is not observed under short wavelength ultraviolet light. The Vickers microhardness is 550À680 kg mm À2 (100 g load). It corresponds to 5À5.5 on Mohs' hardness scale. The density could not be measured because of the close association with natrolite. The calculated density is 3.37 g cm À3 . It is optically biaxial positive with refractive indices a = 1.664(2), b = 1.593(2), g = 1.688(2), and 2V(calc.) = 818.
Chemistry
Chemical analyses were carried out using an energy dispersive X-ray spectrometer, Link QX 2000 (Table 1 ). The operating conditions included a beam diameter of 2À3 mm, 15 kV and 10 nA probe current, and standard ZAF correction. The standards used were albite (for Na), Mg 2 SiO 4 (for Mg), sillimanite (for Al), wollastonite (for Si and Ca), orthoclase (adularia) (for K), TiO 2 (for Ti), Cr 2 O 3 (for Cr), tephroite (for Mn), Fe 2 SiO 4 (for Fe) and celestine (for Sr). Chemical analyses and BEI observations show no compositional variation within single grains or between adjacent grains. X-ray diffraction patterns of the other lawsonite group minerals indicate that the difference between them and itoigawaite is water content. The water content of itoigawaite could not be measured because of the small quantity of sample available for analysis. The close association with natrolite adds to this 
X-ray study
Because of the minute grainsize of the material studied, the X-ray powder diffraction pattern for itoigawaite was obtained using a Gandolfi camera, 114.6 mm in diameter, employing Ni-filtered CuKa 1 radiation. Single crystal studies could not be carried out due to the small crystal size. As shown in Table 2 , the notable coincidence of the patterns suggests that itoigawaite is isostructural with lawsonite and hennomartinite. The refined unit cell parameters are; a = 6.031(2), b = 8.945(2), c = 13.219(4) Å . Therefore, the proposed space group is Cmcm, given the comparison with the lawsonite group.
Discussion
Itoigawaite is the Sr-Al member of the lawsonite group of sorosilicates of general formula A 2+ B 2 3+ Si 2 O 7 (OH) 2 ÁH 2 O. Features of the four known members of the group are summarized in Table 3 . The cell parameters and density of itoigawaite are larger than those of lawsonite and are smaller than those of hennomartinite. These are attributed to the difference in the ionic radius and atomic weight between Sr and Ca, and Al and Mn, respectively.
The chemical composition for slawsonite, SrAl 2 Si 2 O 8 , is close to that for itoigawaite. It is monoclinic, space group P2 1 /a, in the specimen from Oregon, USA, corresponding to the Sr analogue of paracelsian (Griffen et al., 1977) , and is triclinic, space group P1, in that from Sarusaka, Japan (Tagai et al., 1995) . Although the ideal formula of itoigawaite is equivalent to that of slawsonite with two additional water molecules, the density of itoigawaite, 3.37 g cm
À3
, is greater than that of slawsonite, 3.10 g cm
. The same relationship can be observed between lawsonite, 3.09 g cm À3 , and anorthite, 2.76 g cm
. The coexistence with jadeite, as well as the difference in density between itoigawaite and slawsonite, indicates that itoigawaite has a higher pressure paragenesis than slawsonite.
Itoigawaite occurs in a veinlet, cutting jadeitite (Fig. 2) . The vein-filling constituents are prismatic jadeite crystals along the vein wall, with aggregates of itoigawaite and natrolite in the inner part. Thus, it is concluded that these minerals were crystallized from fluid intruding into a fracture in the jadeitite. The concentration of Sr in the fluid increased gradually, because the ionic radius of Sr is too large to be accepted in the M2 site of jadeite. In the latter stage, Sr was saturated, then itoigawaite and natrolite crystallized from the residual liquid. The absence of jadeite in the inner part of veinlet indicates that jadeite could not have crystallized at the latter stage. This may be attributed to the lowering of pressure at the latter stage and/or increasing activities of silica and water. Natrolite in association with itoigawaite is considered to have crystallized from the fluid instead of jadeite. Kobayashi et al. (1987) described the occurrence of stronalsite in jadeitite from Mt Ohsa, Okayama, the western range of the Renge belt (Nishimura, 1998) . This is the only description of Sr-rich minerals in jadeitite. During mineralogical and petrological research of jadeitites and omphacitites from the Itoigawa-Ohmi district, however, many species of Sr-rich minerals such as tausonite, Sr-apatite, itoigawaite, stronalsite, lamprophyllite, slawsonite, and the Sr-Zr analogue of perrierite etc. have been found (Miyajima et al., 1998a,b,c,d) . The discovery of these Sr-rich minerals is important in understanding the formation mechanism of jadeitite. Kawachi et al. (1996) 
